Conodont Colour Alteration Indices (CAI) values in the Craven area show a general range of 2.5-3.5, the majority being a value of 3. The higher values generally occur in the south and south-west and low values are found on the Ashnott High (Ashnott Anticline and eastern closure of the Whitewell Anticline) and in Waulsortian limestones. These values are consistent with the limited vitrinite reflectance data and are a result of the Carboniferous sedimentary and tectonic history of the region. There is no evidence of significant modification by subsequent burial, igneous events, reheating or mineralization. Low values of CAI 2-2.5 on the Ashnott High are interpreted to be due to the thinner sedimentary cover in that area and possible insulation derived from underlying Waulsortian limestones. Relatively high values of CAI 4 for Dinantian strata in the Holme Chapel Borehole and 3.5 in the Silesian sediments to the south of the Craven Basin probably reflect a thicker Westphalian cover than further north.
Conodonts, an extinct group of Palaeozoic-Triassic elongate marine chordates (e.g. Sweet & Donoghue 2001), were softbodied animals, except for small phosphatic tooth-like elements that formed the feeding apparatus. The hard phosphatic elements of conodonts are generally found scattered in marine sedimentary rocks of Cambrian to Triassic age and have immense biostratigraphical utility. Preservation of soft body parts is rare and the first unequivocal soft bodied conodont was only described in 1983 (Briggs et al. 1983 ). The phosphatic elements of conodonts contain some organic material, and when the elements are heated in the subsurface, they progressively and irreversibly change colour with increased temperature and time ( Fig. 1 , Table 1 ). In addition, as conodonts are heated, or subject to matamorphism, their microstructure is altered texturally, and at very high temperatures and pressures, the conodont elements may be recrystallized, or become pitted, distorted and eventually destroyed. Studies of conodont colour and textural alteration have led to the establishment of a scale of Conodont Colour Alteration Indices (CAIs) and textural alteration types (Epstein et al. 1977; Rejebian et al. 1987) . The progressive change in conodont colour has been used extensively in the petroleum industry as an index of thermal maturation, but has also been used to indicate temperatures of mineralization (Rejebian et al. 1987; Jones 1992) . Conodont colour and levels and type of textural alteration can also be used in regional basin history and tectonic studies (e.g. Metcalfe 2003) . We here present CAI data for the Carboniferous of the Craven Basin that has implications for sedimentary burial histories, basin evolution, hydrocarbon exploration and mineralization. The study area includes the Craven Basin of Hudson (1933), equivalent to the Bowland Basin of Ramsbottom (1974), and adjacent Silesian outcrops to the south.
CAI values reported in this study come from published biostratigraphical collections (Austin 1968; Higgins 1975; Metcalfe 1980 Metcalfe , 1981 Metcalfe & Leeder 1979; Riley et al. 1987; Turner et al. 1979 ) and unpublished material held at the British Geological Survey, the University of New England, Armidale, Australia and Trinity College Dublin (see Appendix for listing and grid localities). The emphasis on Dinantian (Mississippian) CAI values is a consequence of the nature of these collections. Before discussing the CAI values in the region, a general outline is given of the Carboniferous succession, particularly that of the Dinantian, and its subsequent burial history.
POST DEVONIAN TECTONICS AND SEDIMENTATION
The principal anticlines that expose Dinantian rocks in the Craven Basin and the principal basement structures that affected Carboniferous deposition are shown in Figure 2 . ). The oldest exposed strata comprise the Chatburn Limestone Group and consist of impure shallow water marine limestones and fine-grained terrigenous clastic sedimentary rocks. These sediments were rapidly deposited and there was little bathymetric variation across the basin. During Chadian times (Clitheroe Limestone Formation), the effects of basement rifting became more pronounced. This resulted in varied basin floor topography and a reduction in the deposition of shallow marine limestones, which were generally replaced by deeper water Waulsortian limestones. Widespread erosion occurred within the basin during the late Chadian, but by Arundian times, the basin was dominated by pelagic mudstone and limestone turbidite deposition (Hodder Mudstone, Hodderense Limestone, Pendleside Limestone and Bowland Shale formations). Intrabasinal topography was maintained by syndepositional movement along basement fractures in the graben floor.
During early Namurian times, the southern boundary of the basin became less distinct in terms of facies and sediment It appears, therefore, that the study area was uplifted and eroded during the Cenozoic, with renewed tectonic activity along certain inherited fractures, in rare cases associated with limited igneous intrusion.
THE CAI PATTERN
CAI values are plotted in Figure 3 . Some localities that are very close to each other have been combined as single plots. 
INTERPRETATION OF THE CAI PATTERN

Facies effect
The effect of facies on CAI values has already been demonstrated by Mayr et al. (1978) and it appears that conodonts from black shales can show CAI values one unit higher than those from limestones. Almost all the conodonts used in this study come from limestones (mainly packstones), and Silesian samples were obtained mainly from wackestone nodules ('bullions'). In general, there is a variation of about half a CAI unit value within samples at any given locality, except for Waulsortian limestone facies where there is a variation of one CAI value. In the Clitheroe area, for example, the Waulsortian limestones of the Clitheroe Limestone Formation show a CAI value of 2.5 whereas crinoidal limestones in the overlying Hodder Mudstone Formation yield conodonts with CAI values of 3.0-3.5. This variation may be due to a number of possible causes, including: (a) the type and amount of organic matter incorporated into the conodont elements by the animals living in these different environments; (b) differences in conodont element growth rates; (c) differences in thermal conductivity of the various limestones and adjacent strata; (d) differential effects of migrating fluids due to variations in porosity and permeability in the different facies; and (e) early cementation of the Waulsortian limestones (Miller & Lees 1985) .
Burial and uplift
As already noted, the top The relatively high CAI value of 4 recorded from Dinantian limestones at a depth of 5875 ft (1790.7 m) in the Holme Chapel Borehole, and CAI values of 3.5 in Namurian and early Westphalian sediments south of the Craven Basin, are probably a result of greater Westphalian cover, now removed, compared to further north. The lower CAI values of 2-2.5 seen over the Ashnott High are probably due to a combination of both relatively lower depth of burial, since this site accumulated a condensed sequence from mid-Dinantian until early Namurian times, and the proximity of thick Waulsortian limestones, which, as already noted, possibly inhibited thermal conduction.
Basin tectonics
We consider the development of the Craven Basin to follow the model of McKenzie (1978) , involving lithospheric thinning due to extension followed by thermal subsidence. Observed CAI values agree moderately well with McKenzie's (1981) computation of temperatures within a sediment pile following extension. McKenzie (1981) concluded that maximum temperatures for shallow burial at less than 4km were attained much later than the onset of subsidence. For a stretching factor ( ) of 2, applied by Dewey (1982) to the Silesian sequence in this region, and 3 km of burial, a maximum temperature of 150(C at top Dinantian would be attained after 45 million years. Clearly the Hercynian uplift and folding, which occurred some 20 million years after the onset of thermal subsidence (Leeder 1988), prevented the maximum temperatures from being achieved. It appears, therefore, that McKenzie's (1981) modelled temperatures can be applied in a truncated form to the regional CAI values.
Igneous rocks
The only igneous rocks recorded in the area comprise two Cenozoic olivine-basalt dykes, located in the Grindleton Anticline and at Caton Moor respectively (Eccles 1870). Conodont samples are not yet available from these sites and the local CAI value of 3-3.5 is likely to be exceeded only within a few metres of these intrusions, when compared to other examples outside the study area (Armstrong & Strens 1987). The regional CAI values do not appear to have been modified by igneous activity. 
OTHER SOURCES OF MATURITY DATA AND CORRELATION WITH CAI VALUES
Published information on independent maturity data in the study area is sparse and is largely limited to vitrinite reflectance. 
HYDROCARBON OCCURRENCE
The observed CAI values correspond to a range from the base of the oil window into the condensate/dry gas sectors of Heroux et al. (1979) . Hydrocarbon shows are reported from a number of localites in the area, but these tend to be minor and of no commercial value. Most of the shows are of oil or gas associated with past coal mining, for instance oil at 1960 ). There the reservoir comprises Triassic strata, but it is generally thought that the source is Carboniferous. Stephens et al. (1953) reported oil in Namurian bullions at Moor Houses, near Skipton. Solid bitumen veinlets are known from the Haw Bank Limestone (Courceyan), which forms the core of the Skipton Anticline (Lees & Cox 1937). In addition, one of us (NJR) has observed liquid hydrocarbons (light oil) to be common on vein surfaces and in vughs in bullions from black shales. In the Ashnott and Cow Ark anticlines, liquid hydrocarbons and pyrobitumen, within cavities and fractures associated with mineralization, have also been noted in boreholes penetrating Waulsortian limestones. The occurrence of thermal maturity values extending into the condensate dry/gas phase suggests that the region is prospective for shale gas exploration.
CONCLUSIONS
CAI values in the Craven area show a general range of 2.5-3.5, the majority being a value of 3. These values are consistent with the limited vitrinite reflectance data and are a result of the Carboniferous sedimentary and tectonic history of the region. There is no evidence of significant modification by subsequent burial, igneous events, reheating or mineralization. Low values of CAI 2-2.5 on the Ashnott High are interpreted to be due to the thinner sedimentary cover in that area and possible insulation derived from underlying Waulsortian limestones.
Relatively high values of CAI 4 (Dinantian) in the Holme Chapel Borehole and 3.5 in the Silesian sediments to the south of the Craven Basin probably reflect a thicker Westphalian cover than further north. Observed CAI values in the Craven Basin can therefore be explained as being entirely due to depth of burial and pre-date Permian extension.
